Numerous empirical studies have analysed the influence of corporate taxation on the location of intangible assets within a multinational firm. However, the previous literature has rather focused on studying the impact of taxation on patent location choices assuming that these assets represent the rest of intangibles as well. This paper complements previous studies by estimating and comparing the tax elasticities of two different types of intangibles -patents and trademarks. We employ data on European and US patent and trademark applications in the period of 1996-2012 and estimate a multinomial logit model that incorporates various observed and unobserved factors of the intangible's location choice. According to our main findings, trademarks are more sensitive to changes in taxation as compared to patents. This implies that multinationals use trademarks more eagerly for tax planning purposes than patents.
Introduction
Nowadays the ownership of an intangible asset 2 is mobile within a multinational firm. Even though one affiliate develops an intangible asset, another one could become its official owner because of such instruments as a cost-sharing agreement, a contract research, or a sale of an intangible. Moreover, a multinational might strategically re/locate its research and development facilities to a certain affiliate. Then an intangible asset would be not only registered, but also developed by a new company within a multinational.
There are several reasons why a multinational enterprise might be willing to choose strategically the location where its intangibles are developed and owned. Beside various operational and financial motives, taxation could serve as an explanation for a strategic re/location of intangible assets. For instance, if an affiliate in a low-tax jurisdiction owns an intangible, then other group members that use this asset have to pay royalty fees to the intangible's owner. Consequently, the royalties are taxed on a low rate and the tax base of firms in other countries decreases. This leads to a shifting of profits from one group member to another and eventually reduces the overall tax burden of a multinational enterprise.
Indeed, there is plenty of anecdotal evidence on large multinational companies such as
Starbucks Corporation 3 , Apple Inc. 4 or Microsoft Corporation 5 using intangible assets to minimize their consolidated tax burdens. For example, the world's largest spirits producer
Diageo plc has been accused of relocating its famous trademarks, including Johnnie Walker Scotch, J&B Rare, and Gilbey's Gin for the purposes of profit shifting 6 . Numerous academic studies have provided empirical evidence on this issue as well (see, for example, Ernst and Spengel (2011) , Karkinsky and Riedel (2012) , Ernst et al. (2014) , Griffith et al. (2014) , Alstadsaeter et al. (2015) , Böhm et al. (2015) , Dinkel and Schanz (2015) ). The findings of these authors support the argument that multinational firms use intangible assets with the aim of tax planning.
The previous empirical literature on the strategic use of intangible assets is rather concentrated on patents. Researchers usually assume that data on patents represents all other intangibles including trademarks, copyrights, goodwill, know-how, franchises, and others.
This might just constitute a research gap because of the two following reasons. First, there are many kinds of intangibles and multinationals might use them along or instead of patents for profit shifting, as the Diageo plc example shows. Second, in most countries patents represent only a fraction of total intangible assets meaning that the possibility to shift profits through other types of intangibles is high. For instance, Figure 1 demonstrates that in 2013 only 49% of royalty outflows from Germany consisted of royalty payments for the use of patents. The rest included royalties for the use of trademarks, copyrights, goodwill, know-how, franchises, and other intangible assets. The main goal of this paper is to analyse whether and (if yes) to which extent corporate taxation influences the location of different types of intangible assets within multinational firms. Answering this research question could shed some light on the true magnitude of profit shifting through the channel of intangible assets. The focus of this study lies on an empirical comparison of the strategic use of two kinds of intangibles -patents and trademarks. We would ideally approach this research question using information on the patent and trademark ownership within multinationals. Since most companies do not publicly report such data, we follow previous studies in this field employing the data on patent and trademark applications. As Ernst and Spengel (2011) note, the intangible applicant is its legal owner because only the asset's legal owner is entitled to apply for its registration at an international office 7 . Therefore, we use the Orbis database provided by Bureau van Dijk to gather the data on all trademark and patent applications filled out at the European Patent Office (EPO), the Office for Harmonization in the Internal Market (OHIM), and the United States Patent and Trademark Office (USPTO) over the period of 1996-2012.
The analysis includes companies located in seventeen countries, namely Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Spain, Sweden, Switzerland, the United Kingdom, and the US 8 . The final dataset includes 396,447 trademark and 518,475 patent applications filled out by 31,682 firms.
Following Griffith et al. (2014) , the empirical estimation is implemented by applying a mixed logit model in a panel-data framework, which allows to control for various observed and unobserved heterogeneity in the intangibles' location 9 choices. This identification strategy also permits to calculate own and cross-country tax elasticities of patents' and trademarks' locations.
Our main finding is that the tax elasticity 10 of a patent location choice varies between -0.05%
and -0.85%, while the one of a trademark lies between -0.77% and -3.14%. This implies that increasing a country's tax rate on royalty income by one percent will on average result into a -0.05% to -0.85% decrease in the number of patents and a -0.77% to -3.14% drop in the number of trademarks in a given country.
The contribution of this paper to the previous literature is twofold. First, we extend the analysis on a strategic use of intangible assets to trademarks. The earlier studies either focus exclusively on patents (Ernst and Spengel (2011) , Karkinsky and Riedel (2012) , Ernst et al. (2014) , Griffith et al. (2014) , Alstadsaeter et al. (2015) , Böhm et al. (2015) , Dinkel and Schanz (2015) ) or do not distinguish between different types of intangibles treating them as one 7 Ernst and Spengel (2011) refer to the EPO data. Therefore, in case of the European patents and trademarks, we consider the applicant to be the legal owner of an intangible. As for the USPTO database, both the owner and the inventor of an intangible can be clearly observed in the dataset. 8 According to our datasets, these states are the top seventeen locations in which companies apply for patent and trademark registration. 9 In this study, the location of an intangible equals the country of its ownership (the terms location, country, jurisdiction, state are thus used as synonyms). 10 Elasticity is defined as a percentage change in the dependent variable in response to a percentage change in the independent variable. (Huizinga et al. (2008) and Dischinger and Riedel (2011) ). In the first part of the analysis, this study confirms the results of previous literature by finding a negative association between taxation and the patent location choices. Then we go a step further by comparing the tax elasticity of trademark location choices with the tax elasticity of patent location choices. This allows us to draw some conclusions about the relative importance of these two types of intangibles for the tax-planning strategies of multinational enterprises.
Second, by laying a special focus on trademarks, this study also contributes to Graham and Somaya (2006), von Graevenitz (2007) , Greenhalgh and Rogers (2012) , Crass (2014) and Crass and Peters (2014) , who empirically analyse different aspects of trademark ownership.
These authors express concerns about a relative neglect of the non-patent intellectual property (IP) research. While they focus on the empirical association between trademarks and firm value, profitability or its level of innovation, we analyse the impact of corporate taxation on the location choices of trademarks.
Our study relates most to Griffith et al. (2014) , since we apply a comparable identification strategy and use similar data. For example, in line with these authors, we also apply a multinomial logit model. An important difference to Griffith et al. (2014) lies in estimating not only data on patent applications filled out at the EPO, but also the ones at the USPTO. In addition, we analyse a slightly different spectrum of countries and years. Nevertheless, the main results of our study are very similar to Griffith et al. (2014) , namely they argue that the tax semi-elasticity 11 of patent location choice varies between -0.5% and -3.9%. The main results of our estimation point to an average tax semi-elasticity of patent location choice that equals -1.9%. This implies that increasing the tax rate on royalty income by one percentage point leads to a decrease in the country's number of patents by on average -1.9%.
Contributing to Griffith et al. (2014) , we perform a similar kind of investigation for trademarks and consequently compare the obtained tax elasticity of trademark and patent location choices. We find that the average tax semi-elasticity of trademarks' location equals -6.2%, which means that a one percentage point increase in a statutory tax rate on royalty income leads to a decrease in the country's number of trademarks by on average -6.2%.
Our study also contributes to the literature on the impact of taxation on the quantity or quality of patents, such as Ernst and Spengel (2011) , Karkinsky and Riedel (2012) , as well as Ernst et al. (2014) . These authors perform an empirical analysis on the firm level usually taking the 11 Semi-elasticity is defined as a percentage change in the dependent variable in response to a unit change in the independent variable. number of company's patents as the dependent variable and a country's statutory corporate tax rate as the main independent variable of interest. Even though our methodology differs, the results are still comparable to this flow of literature. For example, Karkinsky and Riedel (2012) , argue that the tax semi-elasticity of patents lies between -3.5% and -3.8%. The average tax semi-elasticity of patent location choice in our study is -1.9% (we observe the lowest tax semi-elasticity of -0.3% in Ireland and the highest one of -2.5% in Austria and Denmark). Thus, the tax semi-elasticities found in our study are slightly lower than the ones of Karkinsky and Riedel (2012) . This could be explained by the differences in the samples and identification strategies that we apply. The main contribution of our study to this flow of literature lies in comparing the tax semi-elasticity of patents with the one of trademark location choices. Hence, we find the lowest value of tax semi-elasticity of trademark location choice to equal -2.9% in the US and the highest value to be -8.7% in Belgium.
Furthermore, our results contribute to the literature on the impact of taxation on a share of the intangible assets held by an affiliate. Huizinga et al. (2008) and Dischinger and Riedel (2011) , for instance, do not distinguish between different types of intangible assets, such as patents, trademarks, copy-right, know-how, but rather treat them all as one. Their findings are in line with the literature on patent location choices. Huizinga et al. (2008) and Dischinger and Riedel (2011) argue that the group affiliates that are located in low-tax jurisdictions have a higher intangibles-to-total-assets ratio as compared to their counterparts in high-tax countries.
Our results support this argumentation. We find that an increase in the tax rate on royalty income negatively influences the patent and trademark ownership of group affiliates located in this country. Moreover, our findings suggest that if the tax rate difference between a country of an affiliate and a country of its parent company increases, the given group member is likewise to own less patents and trademarks.
The paper is organized as follows. Section 2 presents the hypotheses development. Section 3 describes our baseline model and the identification strategy. In the next part, the data sources and the construction of key variables are discussed. Some descriptive statistics are also shown here. Section 5 gives a summary of the main findings and is followed by conclusions.
Hypothesis Development
Intangible assets are more mobile compared to other kinds of physical or human capital. They can be transferred relatively easily from one affiliate to another within a multinational firm. In addition, intangibles often have a unique nature, which hinders the determination of their true prices in case of selling or licencing. This makes such assets as patents and trademarks rather suitable instruments for tax planning strategies. Thus, multinational companies that operate in numerous countries do not only get an incentive to re/locate their real research and development (R&D) to low-tax jurisdictions, but also to carry out cost-sharing agreements, contract R&D, or to sale the existing IP from one affiliate to another in order to minimize the eventual taxation of royalty income. Indeed, Hines (1995) , Collins and Shackelford (1998), and Dudar et al. (2015) find some evidence for a negative impact of taxation on the direction and amount of bilateral royalty flows. These authors argue that more payments for the use of intangible assets are flowing into low-tax jurisdictions than into high-tax countries and explain this development at least to some extent through the tax planning strategies of multinationals. Therefore, Hypothesis 1 of this study states:
The location choices of patents and trademarks are sensitive to the tax rates that apply to the income generated by these intangibles.
However, there are a few important differences between patents and trademarks, which might influence the magnitude of their tax elasticities. According to the Organization for Economic
Cooperation and Development (OECD), a patent is the right granted by a government to an inventor for an exclusive usage of a certain invention during an agreed period. In contrast, a trademark usually refers to the right to use exclusively a word, symbol or other mark, which distinguishes firm's products or services from those offered by others 12 . Following the definitions, one might conclude that the main goal of a patent is to protect company's technological investments, while a trademark aims at protecting firm's marketing assets.
The development of patents typically involves greater physical and human capital compared to trademarks. For example, Greenhalgh and Rogers (2012) argue that gaining a patent requires an item to be novel, non-obvious, as well as to embody a sufficiently large inventive step. The development of such an invention often causes substantial R&D expenditures.
Besides, in certain industries the R&D facilities and human capital required for the patent development are country-specific. For example, Germany has a long history and a large stock of research personnel and tangible assets needed for the innovative activity in the automotive industry. By contrast, developing a trademark involves merely selecting a word or designing a symbol that has a non-generic nature and is not identical or similar to the existing marks.
Marketing expenses related to this procedure are usually of a smaller scale and are not From a tax point of view, there is another important difference between patents and trademarks. The majority of expenditures connected with the patent development are undertaken before the patent is actually registered. According to Sandner and Block (2011) , it is different in the case of trademarks, where a large share of marketing expenses occurs only after the trademark is granted. Therefore, during a patent development a firm faces R&D expenditures in the first period, but receives an income from a resulting patent only in the second period. As a result, the company has an incentive to develop a patent in a high-tax country in order to deduct the relating R&D expenses from the tax base diminishing its overall tax liability in a given state. In the case of a trademark, a firm faces the marketing costs and the income from a trademark in the same period. From the beginning on, a company is at least as concerned about the taxation of the profits generated by a given trademark as it is concerned about the deductibility of its marketing expenditures. That is why firms have a greater incentive to register a trademark in a low-tax country right from the start. This again would lead to greater tax sensitivity of trademarks compared to patents. Based on the above argumentation, Hypothesis 2 of this study states:
The location choice of a trademark ownership is more elastic to tax than the location choice of a patent ownership.
Conceptual Framework
Following Griffith et al. (2014) , let us assume that the payoff, which firm k obtains from choosing the location j to place the ownership of its intangible i, is modelled as follows:
In equation 1, π represents the payoff generated by firm k from the intangible i in country its market size, wealth, and endowment in needed resources. The baseline estimation also contains , which captures country fixed effects as well as the fixed effects of an industryfirm-size category r. Firm k will choose the location j for the ownership of its intangible
the probability of which is given by
In equation 3, the subscript H indicates the number of potential location choices. The parameters α and can be estimated with the means of a mixed logit model. Furthermore, in the baseline specification we follow Griffith et al. (2014) and randomize the coefficient on . As a result, α is defined as follows:
where the parameter α ′ captures the mean marginal effect of tax on the payoff, while
shows the standard deviation in the effect of tax on the payoff. µ is a random term in the tax parameter α . This implies relaxing the independence of irrelevant alternatives (IIA)
assumption. In other words, by randomizing the coefficient on the tax rate we allow the payoffs of different location choices to be correlated. According to Nevo (2001) and Train 13 is intangible-specific (as denoted by the subscript i) because some IP Boxes apply only to patents, whereas others include trademarks as well. In line with Hypothesis 1 of this study, we expect a negative value of α . It would imply that affiliates of a multinational company that are located in countries with higher tax rates are likely own less intangible assets than the affiliates in states with comparatively lower tax rates. According to Hypothesis 2, the coefficient α should be larger in the case of trademarks than in the case of patents.
Data

Data on Patents and Trademarks
In order to test the hypotheses described in Section 2, we perform an empirical analysis in which patent and trademark ownership choices constitute a dependent variable. However, most multinationals do not disclose information on the intangible ownership of their group members. Therefore, we follow previous literature and use data on patent and trademark applications as a proxy for patent and trademark ownerships. As Ernst and Spengel (2011) note, the intangible applicant is its legal owner because only the asset's legal owner is entitled to apply for its registration at an international office. Finally, the electrical sector includes patents and trademarks, which arise in the area of technology and telecommunications, electronics, research, and other similar fields. Table 1 shows the exact number of patents and trademarks in each industry class. Moreover, in order to account for the firm-size differences between companies, we split each industry into two size groups. Large companies are the ones, which apply in total for a number of intangibles (including patents and trademarks) that lies above the 80 th percentile of a given industrial sector. The rest of firms are classified as medium and small and are assigned to the Non-large category. Table 1 presents some country-specific statistics on the patents and trademarks within each firm-size group.
According to Table 1 , the greatest number of both patents and trademarks are owned by the companies located in the US and Germany. As for the industry classification, almost a half of all intangible assets in our sample arise in the engineering sector. Interestingly, the large firms, which represent only 20% of the total sample, own around 53% of all patents and trademarks.
Sometimes intangible assets generated by the same company in the same industrial sector closely relate to each other in terms of their idea and innovation process. We follow Griffith et al. (2014) allowing for the correlation between such intangibles. Thus, patents or trademarks that arise within the same firm in the same industrial sector within a period of one quarter (three months) are assigned to one point of observation -an idea. Around 75% of patents and more than 65% of trademarks represent just one intangible per idea. The final sample includes 212,052 patent ideas and 190,858 trademark ideas.
Tax Data
The tax rate is the main independent variable of interest. Moreover, the final tax rates used in the estimations account for the taxation under Controlled Foreign Company (CFC) rules 19 . These rules endeavour to hinder profit shifting by multinationals that are tempted to locate their assets in low-tax countries. According to CFC regulations, passive income of a subsidiary in a tax haven has to be taxed with the rate of its parent company. Passive income is defined differently in each country that implements the rules, but it typically refers to royalty payments and other income that is not associated with real economic activity. The CFC rules apply to approximately 20% of intangible assets in our data sample.
Incorporating these regulations into our analysis is of a great importance, since profits generated from patents and trademarks are typically classified as passive income and therefore have to be taxed according to the CFC rules, if they apply. Besides, accounting for the parent company's taxation while calculating final tax rates, provides another source of variation in the main independent variable of interest. 
Other Control Variables
In addition to tax rates, our empirical model also includes some other independent variables. Endowment captures the level of country j's resources, which are required for patent and trademark development. This variable stands for the ratio of a country's total number of workers in the advertising and research areas in relation to its population. The countries with greater endowment in these types of human capital might attract the real economic activity of multinationals and as a result benefit from a greater number of intangibles. Table 3 demonstrates some descriptive statistics of the main variables used in the regression analysis. 
Results
Baseline Results
The outcomes of the regression analysis described in Section 3 are presented in Table 4 . In all estimations, the intangible location choice is a dependent variable. According to Table 4 , the mean marginal impact of a statutory corporate tax rate on the intangible location choice is negative and statistically significant across all industries and firm-size groups. The effect is greater for large firms as compared to small and medium companies. Moreover, we find the impact to be more profound in the electrical sector than in the chemical and engineering industries. Therefore, in line with Griffith et al. (2014) we argue that the large firms in the electrical industry are most responsive to tax changes. Tax Rate(Std.Dev.) denotes the standard deviation of the tax rate in country j, which is a random coefficient in all estimations, as equations 3 and 4 demonstrate. Its effect turns out to be statistically insignificant, which indicates that the correlation between different location choices does not play an important role in our sample.
The major contribution of this study lies in investigating the location choice not only for patents, but also for trademarks. The term Tax Rate*Trademark captures the effect of the tax rate change on trademarks. The impact of taxation on trademark location choice turns out to 24 Detailed results on the fixed-effects' coefficients are not shown in the tables, but are available upon request.
be negative and significant across all industries and company sizes. This implies that in case of a trademark, firms are more sensitive to the local taxation of royalty income than in the case of a patent. Interestingly, the additional negative impact of the tax rate on trademarks is smallest in case of the large firms of the electrical industry and largest among the large companies of the chemical and engineering sectors. The large companies of the electrical sector, therefore, show an almost equal treatment of patents and trademarks with respect to tax, while other enterprises differentiate more distinctively between the two types of intangible assets.
As for the other control variables, the higher quality of governance, as measured by A positive significant coefficient on Log(GDP) in almost all categories implies that more patents and trademarks are located in economies with larger markets. The effect is usually greater in the case of trademarks, with the large firms of electrical industry being an exception. A negative coefficient on Log(GDP/capita) implies that more intangibles are located in less wealthy countries. This effect is almost uniform across all industries and firmsize groups. Moreover, it is generally more profound for trademarks than for patents, as the interaction term Log(GDP/capita)*Trademark shows. Endowment, which is represented by the ratio of a country's total number of workers in the advertising and research areas in relation to its population, turns out to have a positive and significant impact in almost all columns of Table 4 . This implies that a greater share of human capital that is required for patent and trademark development positively affects the number of intangible ownerships in a given country. However, across almost all industries and firm-size categories, this factor seems to play a less important role in the case of trademarks. Table 2 . Country-, industry-, and firm-size fixed effects are included in all estimations. Estimation is based on 396,447 trademark applications and 518,475 patent applications. Large firms stand for companies with a total number of intangible applications above the 80th percentile in each industry. Non-Large are enterprises of all other sizes. Tax Rate stands for corporate income tax rate and also accounts for the CFC rules and the tax rate of an IP Box if applicable. Trademark is a dummy, which equals one if an intangible is a trademark and zero if it is a patent. Institutions represents the indicator of a country's quality of governance. Log(GDP) depicts the natural logarithm of total GDP. Log(GDP/capita) stands for the natural logarithm of a country's GDP per-capita. Endowment denotes the ratio of a country's total number of workers in the advertising and research areas in relation to its population.
The regression results of Table 4 support Hypothesis 1 of this study. Namely, they show that taxation has a significant negative impact on the location choice for both, patents and trademarks. However, these outcomes say little about the magnitude of the effects. In order to determine the scale of the impact and to address Hypothesis 2, we calculate the own and cross-country tax elasticities of patent and trademark location choices. This is implemented as follows:
where ℎ is the elasticity of the probability that an intangible i is located in country j with respect to a marginal change in the tax rate in location h. ℎ denotes the statutory tax rate in country h that is levied on the profits generated by the intangible i 25 . represents the predicted probability that an intangible i will be located in country j 26 . Equation 3 describes the formulation of in more detail.
We aggregate the elasticities of the location choices that arise within the same country and report the corresponding findings in Table 5 . Panel A demonstrates the outcomes for the patents and panel B shows the results for the trademarks. Following Griffith et al. (2014) , we also take into consideration the issue of CFC rules. Namely, in the case where the CFC rules apply, a change in the tax rate of country h is irrelevant for the determination of the tax elasticity as calculated in equation 5, because the parent tax rate is levied on the income generated by an intangible anyway. In order to account for this, we exclude the cases in which the CFC rules apply from the calculation of the aggregated elasticities.
25 ∆ ℎ equals the standard deviation of the residuals of ℎ divided by 1000. This implies that ∆ ℎ is close to the smallest possible change in the tax rate. Using a change of 1% instead does not alter the results. 26 ∆ is calculated through subtracting the predicted probabilities of the location choices before and after a tax change. Note: Elasticity represents a percentage change in the trademark location relative to a percentage change in the tax rate. Each cell shows the elasticity of a trademark location choice in the country in column 1 with respect to the tax change in country in row 1.
Panel A of Table 5 presents the elasticities of the share of patents located in the country indicated in each column with respect to a tax rate change in every country shown in the rows.
The diagonal values depict the own tax elasticities, which are negative in all locations. For example, the lowest own tax sensitivity of -0.05% is observed in Ireland and the highest one of -0.85% in Germany. This means that a one percent increase in the tax rate in Ireland leads to on average a -0.05% fall in the number of patents that are taking place in this country. A one percent rise in the tax rate of Germany results on average into a -0.85% decrease in its number of patents. The cross-country tax elasticities are positive, which implies that the alternative locations experience a positive change in their number of patents once one country increases its tax rate on royalty income.
Panel B of Table 5 shows the own-and cross-country tax elasticities in the case of trademarks. These values are substantially higher than the tax elasticities of patent location choices. For instance, a one-percent tax change in Switzerland leads to a -0.77% decrease in the number of trademarks in this state. On the other hand, if a tax rate of Belgium goes up by one percent, its number of trademarks will likely experience a -3.14% drop. There are a few reasons why some low-tax countries such as Ireland or Switzerland have rather low tax elasticities. First, the CFC rules often apply in these states because they usually are classified as tax havens by other countries. If this is the case, then a tax rate change in these countries do not attract additional intangible ownerships, because the tax rate of the parent company applies to the income from the intangible assets anyway. Secondly, there is a scaling issue. If the tax rate of a country is initially low, then its one-percent increase implies a smaller scale of change compared to a location with an originally higher tax rate.
In order to compare our results to the previous literature, we also calculate tax semielasticities, which represent the percentage change of the share of intangibles in a given country caused by a one percentage point change in the tax rate of this state. The average tax semi-elasticity of a patent location choice is -1.9%, whereas the average tax semi-elasticity of a trademark location equals -6.2%. These findings are in line with the Hypothesis 2 of our study, according to which trademarks are more sensitive to taxation than patents. Note: Semi-elasticity represents a percentage change in the patent or trademark location relative to a unit (i.e. percentage point) change in the tax rate. For these calculations, the average tax rates of the whole period were used.
The semi-elasticity of patents that we obtain is very similar to the findings of the previous literature. For instance, Griffith et al. (2014) argue that the tax semi-elasticity of patent location choice lies between -0.5% and -3.9%. Karkinsky and Riedel (2012) find this value to lie in the range of -3.5% to -3.8%. The slight difference between earlier studies and our findings can be explained by the sample that we investigate. Our analysis focuses on companies that have both, patents and trademarks. These firms could behave differently to some degree regarding their profit-shifting strategies as compared to companies that have only patents. Besides, earlier studies concentrate only on the patent applications filled out at the European patenting office, whereas we analyse the US patent and trademark applications as well.
Robustness Checks and Extensions
In order to check the robustness of our baseline results, we perform a few tests and report the outcomes in Table 7 and Table 8 . This part of the analysis is carried out using only non-large firms of the engineering sector as a representative sample 27 . The dependent variable in all columns of Table 7 is a location choice of an intangible asset in one of the 17 countries shown in Table 2 . Besides, all regressions of Table 7 include location fixed effects.
Column I of Table 7 repeats the baseline results, which are also shown in Table 4 . Column II shows the same results after the exclusion of all the control variables except for the main independent variables of interest. One can see that this modification almost does not influence the main results, leaving the coefficient on the tax rate and the interaction between the tax rate and the Trademark dummy negative and statistically significant. Column III of Table 7 demonstrates the results of an estimation, in which the tax rate is slightly altered. The results of the next robustness test are shown in column IV of Table 7 . Here the small firms are excluded from the estimation. Following Griffith et al. (2014) , we define small companies as the ones whose total number of patents and trademarks lies below the 20 th percentile in their industry. This modification has almost no effect on the baseline findings.
Column V of Table 7 shows the outcomes of the representative sample after including only the patent observations. Column VI does the same for the trademarks. One can see that the magnitude of the tax-rate effect is larger when the sample of trademarks is considered.
Column VII of Table 7 mirrors the estimation shown in column VI, but accounts for one additional control variable. Namely, here we add the interaction term Tax Rate*USPTO, which captures the tax sensitivity of trademarks that were applied for at the USPTO. In our sample, approximately 50% of trademark applications were filled out at the US Patent and Trademark Office and the other half was applied for at the European office OHIM 28 . The positive coefficient on Tax Rate*USPTO implies that trademark applications filled out at the USPTO are less responsive to tax changes than their European counterparts are. Note: *** p<0.01, ** p<0.05, * p<0.1 The estimates are based on the sample of the non-large firms of the engineering sector, the results of the robustness checks for other firm categories are available upon request. The dependent variable is an intangible location choice in one of the 17 countries shown in Table 2 . Location fixed effects are included in all estimations. The estimation is based on 98,966 trademark applications and 99,680 patent applications. In columns I-II and IV-VII, Tax Rate stands for corporate income tax rate and also accounts for the CFC rules and the tax rate of an IP Box if applicable. In column III, Tax Rate represents the statutory corporate income tax rate. Trademark is a dummy, which equals one if an intangible is a trademark and zero if it is a patent. USPTO equals one if a trademark's application was filled out at the USPTO and zero if it was at the EPO. Institutions represents the indicator of a country's quality of governance. Log(GDP) depicts a natural logarithm of total GDP. Log(GDP/capita) stands for the natural logarithm of a country's GDP per-capita. Endowment denotes the ratio of a country's total number of workers in the advertising and research areas in relation to its population. Table 8 demonstrates the results of a few extensions to the baseline findings. Similar to Table   7 , this part of the study is based on the sample of non-large firms of the engineering sector.
The location choice of an intangible asset serves as the dependent variable in columns I-III.
Column I of Table 8 shows the results of the estimation with Tax Difference as the main independent variable of interest. It stands for the tax rate difference between the country of the subsidiary that applies for an intangible and the country of its parent company 29, 30 . A negative coefficient on this variable implies that subsidiaries, which are located in low-tax jurisdictions as compared to their parent firms, tend to own more patents and trademarks than the subsidiaries in high-tax countries. The effect is stronger in the case of trademarks than in the case of patents, as the interaction term Tax Difference*Trademark shows.
As previously discussed, the mixed logit estimation is used in our baseline specification.
Column II and III of Table 8 demonstrate the outcomes of using some alternative multinomial logit models. Column II, for instance, reports the results of estimating a conditional logit model, in which the assumption of the independence of irrelevant alternatives holds. Hence, the alternative location choices in this model are assumed uncorrelated. This alteration, however, does not significantly influence the main findings.
Column III of Table 8 presents the results of the estimation using a nested logit model.
According to Hensher et al. (2005) , this model relaxes the IIA assumption by clustering similar alternative location choices into nests. We divide 17 locations of our baseline estimation into five clusters according to the geographical regions, in which they are situated.
For example, consider a firm that wants to locate a patent in Sweden, but this country increases its statutory corporate tax rate. Then the company chooses an alternative location for the patent and we assume that it sees other Nordic countries as the preferred alternatives to
Sweden. The rest of the locations become inferior options. Allowing for such a correlation between alternative locations increases the magnitude of the impact of a tax rate on a location choice, as column III reveals.
Several previous papers on the patent location choice adopt other identification strategy than Griffith et al. (2014) and this study. For example, Karkinsky and Riedel (2012) perform analysis on the firm level using ordinary least squares, negative binominal, and other similar models. In order to compare our results with this literature, we also implement an alternative 29 We consider a parent firm to own a subsidiary if its ownership share exceeds 50%. This ownership link is sufficiently large to facilitate profit shifting between two companies. 30 Due to the data availability restrictions, the information about the ownership structure of multinational firms is only available for the year 2012. Therefore, in the regressions were these data are used we have to assume that the ownership structures of multinationals remained constant in the years 1996-2012. Note: *** p<0.01, ** p<0.05, * p<0.1 The estimates are based on the sample of the non-large firms of the engineering sector, the results of the robustness checks for other firm categories are available upon request. In columns I-IV, the dependent variable is an intangible location choice in one of the 17 countries shown in Table 2 . In columns V and VI the dependent variable is the total number of patents and trademark applications by a firm in a given year. In columns I-IV, the location fixed effects are included; these estimations are based on 98,966 trademark applications and 99,680 patent applications. Tax Difference depicts the difference in the statutory tax rates between the considered subsidiary and its parent company. Tax Rate stands for the corporate income tax rate and also accounts for the CFC rules and the tax rate of an IP Box if applicable. Trademark is a dummy, which equals one if there is at least one trademark in the total number of intangibles and zero otherwise. Institutions represents the indicator of a country's quality of governance. Log(GDP) depicts the natural logarithm of total GDP. Log(GDP/capita) stands for the natural logarithm of a country's GDP per-capita. Endowment denotes the ratio of a country's total number of workers in the advertising and research areas in relation to its population.
identification strategy and show the results in columns IV and V of one trademark application in a given year and zero otherwise. Column IV reveals the results of using the ordinary least squares and column V shows the outcomes of the Poisson maximum likelihood estimator. Firm and year fixed effects are accounted for in these regressions. As the findings suggest, the main effects remain negative and statistically significant under the new framework. The tax rate is negatively associated with the number of intangibles owned by a firm. According to the interaction term Tax Rate*Trademark, the effect is stronger when trademarks are considered.
Conclusions
The main goal of this paper is to analyse the strategic allocation of different types of intangible assets within a multinational firm. According to Hypothesis 1 presented in Section 2, multinationals register a greater number of intangibles at their subsidiaries located in countries with lower tax rates as compared to the affiliates in countries with higher tax rates.
This idea has already been supported through numerous empirical studies such as Ernst and Spengel (2011) , Karkinsky and Riedel (2012) , Ernst et al. (2014) , Alstadsaeter et al. (2015) , Böhm et al. (2015) , and Dinkel and Schanz (2015) . The main contribution of this study, however, lies in distinguishing between different types of intangible assets -patents and trademarks -and comparing their tax elasticities. For example, trademarks are less costly in terms of time and financial expenses to develop and register than patents. Therefore, according to Hypothesis 2, the tax elasticity of a trademark location choice is greater than the tax elasticity of a patent location choice.
In order to test the hypotheses empirically, we employ the Orbis database provided by the Bureau van Dijk. This database contains information on all patent and trademark applications carried out at the Office for Harmonization in the Internal Market, the European Patent
Office, and the United States Patent and Trademark Office. The patent and trademark applications provide information on the companies that own these intangibles. This is how we determine the place of patent and trademark ownership within a multinational firm.
Since the main goal of this analysis is to compare the tax elasticities of patents and trademarks, our final sample includes only companies that have filled out at least one patent and one trademark application in the period of 1996-2012. The final sample includes patent and trademark applications filled out by 31,682 subsidiaries of 23,782 parent firms. Both parent companies and subsidiaries are located in one of the following seventeen countries:
Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Spain, Sweden, Switzerland, the United Kingdom, and the US.
In total, these enterprises have applied for 518,475 patents and 396,447 trademarks during the time of 1996-2012.
The main findings of the empirical analysis support the initial hypotheses of the study. We find a negative association between tax rates and intangible location choices. Moreover, the own tax elasticity of a trademark location choice is greater than the one of patents. According to our findings, on average a one percent increase in the tax rate leads to a decrease of -0.05%
to -0.85% in the number of patents and a -0.77% to -3.14% drop in the number of trademarks in this country.
Our findings are comparable to previous literature on the impact of taxation on patent location choices. For example, we use a similar identification strategy to Griffith et al. (2014) , who determine the tax semi-elasticity of patent locations in fourteen countries. According to their results, the share of patents held in Luxembourg is the most sensitive to tax with a semielasticity of -3.9%, whereas in Germany it is the least elastic with respect to tax with a semielasticity of -0.5%. Our empirical analysis of seventeen countries shows the highest value of tax semi-elasticity of patent locations to equal -2.5% in Austria and Denmark and the lowest one to equal -0.3% in Ireland.
Furthermore, the results of this study are in line with the findings of Ernst and Spengel (2011) , Karkinsky and Riedel (2012) , and Ernst et al. (2014) , who analyse the connection between country's taxation of royalty income and the quantity or quality of patents held in this state. The main difference between the empirical approach of these studies and the one used by Griffith et al. (2014) is that they carry out analyses on the firm level. By contrast, Griffith et al. (2014) along with this paper perform investigations on the level of an intangible through the application of a multinomial choice model. Despite different identification strategies, our results are still comparable to the ones found in this flow of literature. For example, Karkinsky and Riedel (2012) argue that a one percentage point increase in the tax rate on royalty income leads to a decrease of -3.5% to -3.8% in the number of patents in a given country. According to our findings, on average a one percentage point increase in tax rate on royalty income leads to a -1.9% drop in the number of patents and a -6.2% decrease in the number of trademarks in this country.
As for the policy implications of this study, a few conclusions can be drawn. First, companies appear to use intangible assets as an instrument of base erosion and profit shifting. Thus, effective international regulations are required in order to assure taxation in accordance with the real economic activity. Secondly, the differences between various types of intangible assets should not be ignored. The very nature of a trademark makes it more mobile within a multinational firm than a patent. Therefore, a trademark has a higher potential to be used as an instrument of profit shifting. Indeed, according to our study, the trademark location choice appears to have greater tax elasticity than the location choice of a patent. Thus, regulations that aim at limiting the use of intangibles as an instrument of profit shifting would be more effective if they were intangible-specific.
